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Use of "ARRIAH-AviFluVac” vaccine
in turkeys, geese and ducks
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ABSTRACT

“ARRIAH-AviFluVac” vaccine against H5 avian influenza was demonstrated to be effective for ducks, geese and turkeys both in the laboratory and production envi-
ronment. When administered to ducks at 0.5; 1.0 and 1.5 cm?, the vaccine provided 100%-effective protection of birds against the disease and death after challenge
with the relevant high pathogenicity avian influenza virus of subtype H5N1, clade 2.3.4.4b. Singular 0.5—-1.5 cm? inoculation induced formation of antibodies, which
were detected in the hemagglutination inhibition test at the titres that ranged from 4.3 to 6.1 log,. The vaccine facilitated 9-26-fold decrease in the virulent virus
shedding by the ducks. Protection of turkeys vaccinated at the dose of 1.0 cm® was maintained at the level of 87.5% after challenge with high pathogenicity avian
influenza virus of subtype H5N1, clade 2.3.4.4b. The vaccine induced formation of antibodies at the titres of 4.9 and 5.5 log, in turkeys after singular and double
vaccination at the dose of 1.0 cm?, respectively. It was demonstrated, that after double administration of 1.0 cm?® of “ARRIAH-AviFluVac” vaccine, the post-vaccinal
avian influenza antibody level exceeded 5.0 log, in 75.9-90.0% of the geese population. The most appropriate way of the vaccine use in turkeys, ducks and geese
involves at least its double administration at the double commercial dose. Higher species resistance of ducks to the challenge with avian influenza virus of subtype H5,
clade 2.3.4.4b as compared to turkeys was also demonstrated.
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[pumeHeHne BakumHbl «BHAN3M-ABn®nyBak»
1A UHAEEK, TYCen U YTOK

H. B. Mopos3, C. B. Oponos, B. H. Up3a, /1. 0. Llep6akoBa, B. l0. Kynakos
OIBY «DefepanbHblii LieHTp 0XpaHbl 380poBbA X1BOTHbIX» (OTBY «BHUIU3X»), mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

B nabopatopHbix 1 Npon3B0ACTBEHHbIX YCIOBIAX NOKA3aHO, uTo BakLmHa npotis rpunna iy H5 «BHUN3X-AsnOnyBak» aBnaetca 3¢pdeKTnBHbIM npenapatom
ANA NpodUnakTKI 60Me3HI Y ryceid, yTok 1 MHAeeK. BakuuHa npn BBeseHUn yTkam B 1o3ax 0,5; 1,0 1,5 cm? co 100%-i1 3O OeKTMBHOCTbIO 3aLLmLLana nTuLy,
o1 3a60neBaHmA 1 rnbenn Npu 3apaxeHnin akTyanbHbIM BUPYCOM BbiCOKonaToreHHoro rpunna ntuw noatuna H5N1 reHeTuueckoil knagpl 2.3.4.4b. OpHokpaTtHas
npuBMBKa B 403e 0T 0,5 40 1,5 (M’ Bbi3biBana 06pa30BaHUe aHTUTeN], BbIABNAEMbIX B PEaKLMM TOPMOXKEHIA reMarr/loTUHal K, B THTpax ot 4,3 o 6,1 log,.
BaKumHa cnoco6cTBOBaNa CHIXKEHNIO BbIAENEHNsA BUPYNIEHTHOTO BUPYCa yTKaMu B 9—26 pa3. lpoTeKTUBHAA 3aLuuTa HHAEEK, NPpUBUTHIX B Ao3e 1,0 cm?, obe-
cneunBanacb Ha ypoBHe 87,5% npu 3apaxeHun BUPYCOM BbicoKonatoreHHoro rpunna ntuu nogruna H5N1 knagbl 2.3.4.4b. BakuuHa BbibiBana obpasoBaHue
anTuTen B THTpax 4,9 u 5,5 lg, y MHAeeK npu 0AHOKPaTHOM 11 IBYKPaTHOM BBeZieHUN B o3e 1,0 (M® COOTBETCTBEHHO. YCTaHOBNIEHO, 4TO MPY ABYKPaTHOM
npumeneHin npenapara «BHUN3XK-AsnOnyBak» B fo3e 1,0 cm? ypoBeHb NOCTBAKUMHANLHbIX AHTUTEN K BUPYCy rpunna Tyl 6bin Bbiwe 5,0 log, y 75,9-90,0%
nonynALMM ryceit. PaunoHanbHbIM peLleHrem UCNoNb30BaHNA BaKLMHbI ANA MHAEEK, YTOK U ryceil ABNAETCA ee MPUMEHeHwe B ABOHOM KOMMepyeckoil fo3e
11 KaK MUHIMYM BYKpaTHOe BBeZieHue. Takixe Obina ycTaHoBMeHa Gonee BbiCOKas BIUA0BAA YCTONUMBOCTb YTOK K 3aparkeHito BUPYCOM rpunna nTuy noatuna H5
Knagpl 2.3.4.4b no cpaBHeHMIo C MHAeIKaMu.

KnioueBble c10Ba: BbICOKONATOreHHbIN Fpunn NTUL, BUPYC rpunna nTuL H5, iHaKTMBMPOBAHHaA BaKLMHA, UMMYHOTEHHOCTb, YTKM, TYCU, MHAEHKN

BnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUN3X» B pamkax TemaTuky HayuHo-uccnesoBaTeNbCkx pabor «BetepuHapHoe 6narononyune».
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INTRODUCTION

Avian influenza (Al) is a highly contagious viral disease
that can affect several poultry species [1]. Over the past
10 years, high pathogenicity avian influenza (HPAI) H5Nx
viruses of Eurasian genetic lineage Gs/Gd/96 clade 2.3.4.4
spread globally. In 2022-2023, an unprecedented HPAI
panzootic occurred, which was caused by H5N1 virus
of Eurasian genetic lineage 2.3.4.4b [2]. A huge number of
the disease outbreaks in poultry and cases of the virus de-
tection in wild and synanthropic birds of different species,
as well as their mass mortality were reported in different
countries. The virus was detected in terrestrial and marine
mammals thus raising serious global concern due to pan-
demic threat (WOAH Situation Reports for Avian Influenza,
2021-2023; FAO Empres-i; WHO).

Starting from 2021, HPAI epizootics in the Russian Fede-
ration were also caused by H5N1 virus of Eurasian genetic
lineage (clade) 2.3.4.4b [3].

Since the disease causes enormous damage to poul-
try farming and becomes enzootic in many countries,
issues on the use of vaccination as an additional tool
to contain the spread of infection and reduce unjustified
losses were actively discussed at the international level
in 2022-2023 [4, 5, 6]. The Terrestrial Animal Health Code
(WOAH, Chapter 10.4) contains recommendations on
poultry vaccination against HPAI and describes the con-
ditions under which it can be used [7].

In most countries where Al vaccination is practiced,
mainly whole-virion vaccines based on low-pathogenici-
ty and genetically modified low-pathogenicity Al viruses
obtained by reverse genetics and containing a hemag-
glutinin gene fragment of the relevant highly virulent H5
and H7 viruses are used.

Current inactivated Al vaccines are limited in effec-
tiveness in Anseriformes, therefore, it is recommended
to administer a double chicken dose, or to add a strong
stimulant for effective immunity [8, 9, 10, 11]. It was also
demonstrated that double dose of the bivalent vaccine
protected ducks from the disease and death, but, however,
the antibodies were formed at a low level (from 4 to 8 log,)
and after challenge, the virus was isolated from 13% of vac-
cinated and 100% of unvaccinated birds. The inability of
the challenge virus to induce the repeated production
of antibodies in birds vaccinated with a closely related H5
strain is a convincing evidence of the lack of the virulent vi-
rus replication in the vaccinated ducks [12]. Most scientific
articles show that the whole-virion vaccines are generally
effective for ducks [9, 10, 13, 14, 15] and geese [10, 16],
but these avian species react to vaccination in different
ways [10, 17].

According to A. Kandeil et al., use of inactivated Al H5
vaccine induced development of an immune response in
all avian species housed together on the backyards (ducks,
geese and chickens), and after double vaccination the an-
tibodly titres reached 10 log,. The immune response was,
however, different in different bird species. The vaccinated
birds remained alive after challenge and shed less virus
as compared to the unvaccinated ones. It should be noted
that the unvaccinated ducks also did not get diseased and
survived throughout the experiment. Moreover, the vac-
cinated ducks shed more virus than vaccinated birds
of other species [10].

There are also many reports of positive results of ge-
netically engineered vaccines used for HPAI prevention
in poultry. Thus, according to E. Niqueux et al., simulta-
neous immunization with two recombinant Newcastle
disease and fowlpox virus-vectored vaccines provided
12-week protection in Muscovy ducks [18]. Kim D. H. et al.
also demonstrated that administration of genetically
engineered Newcastle disease virus-vectored vaccine
effectively protected Muscovy ducks from infection
with the virulent HPAI H5 virus and decreased the virus
shedding [19].

Most of the Al vaccine trials, both in the laboratory and
in the field, are carried out in chickens and turkeys, be-
cause high mortality and excretion of a large amount of
the virus into the environment are reported in them when
infected. However, with the spread of Al in Asia, the di-
sease epizootology changed, as indicated by the increased
susceptibility of wild and exotic birds. Infection of domes-
tic ducks and geese seriously affected the maintenance
and spread of H5N1 Al [20].

In 2022, the Federal Centre for Animal Health (ARRIAH)
registered “ARRIAH-AviFluVac” vaccine against Al (H5)
based on the low-pathogenic H5 Al virus strain Yamal.

As part of the post registration process, studies were
conducted to determine the vaccination dose and fre-
quency of vaccination for various poultry species (turkeys,
ducks and geese) in laboratory and field conditions, the re-
sults of which are demonstrated in this paper.

MATERIALS AND METHODS

Vaccine. “ARRIAH-AviFluVac” inactivated emulsion
vaccine against avian influenza (H5) manufactured by
the Federal Centre for Animal Health (batch 010122, re-
lease date 01.2022) was used in laboratory and field trails.
The vaccine is prepared from the extraembryonic fluid of
the chicken embryonated eggs infected with avian influ-
enza virus (the source of H5N1 production strain Yamal
is A/wildduck/YaNAO/956-21 isolate) inactivated with
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aminoethylethanolamine supplemented with Monta-
nide ISA 70 VG oil adjuvant (SEPPIC, France) at 30:70 w/w.

Poultry. Commercial poultry delivered from farms free
from acute infectious avian diseases were used for labora-
tory tests: 20 day-old ducklings, 140 ducklings at the age
of 21 days and 40 turkeys at the age of 10 days.

During the field trials, the vaccine was administered
to commercial 1-28-day-old turkeys on one of the poultry
farms in the Stavropol Krai and to the parent 30-60-day
old goose flock in the Republic of Bashkortostan.

The experiment design at the animal keeping facilities.
The day-old ducklings were divided into two groups
of 10 birds in each. They were intramuscularly vaccinated
at the doses of 0.25 and 0.5 cm?, respectively; 28 days post
immunization, the ducklings’ blood sera were collected
and tested for antibodies to AIV H5.

Twenty one-day-old ducklings were divided into
4 groups of 35 birds in each. The birds in group 1 were
vaccinated with “ARRIAH-AviFluVac” vaccine at the dose
of 0.5 cm3; in group 2 - at the dose of 1.0 cm3; in group 3 -
at the dose of 1.5 cm?. All ducklings were vaccinated
intramuscularly into the thigh. The birds in group 4
were not vaccinated. After days 7, 14 and 21, blood
samples were collected from the ducklings in each group
to monitor seroconversion to AlV H5. Twenty eight days
post vaccination, the birds in the experimental groups
of 10 birds in each were challenged with the virulent in-
fluenza A H5 virus A/chicken/Stavropol/2077-6/21 H5N1
at the dose of 6.0 Ig EID,  intramuscularly into the thigh
at the volume of 0.5 cm®. The challenged ducklings were
subjected to 10-day clinical observation.

In 6 days post challenge, the oropharyngeal swabs
were collected from the ducklings to identify the AIV ge-
nome by polymerase chain reaction (PCR).

Ten-day-old turkeys were divided into 4 groups
of 10 birds in each. Poultry in the three experimental groups
were intramuscularly vaccinated at the doses of 0.25; 0.5
and 1.0 cm?, respectively. The turkeys in group 4 were
not vaccinated. In 21 days post vaccination, blood was
collected from the birds for testing for AV H5 antibodies
by hemagglutination inhibition test (HI). The turkeys were
then challenged with A/chicken/Stavropol/2077/6/21
H5N1 virus at the dose of 6.0 Ig EID, jintramuscularly into
the thigh at the volume of 0.5 cm?. The challenged birds
were clinically observed for 10 days.

The experiment design in the field. An experimental
group of 700 day-old turkeys was vaccinated at the dose
of 0.2 cm®. Then, at the age of 28 days the turkeys were
divided into 2 groups of 350 birds in each and they were
re-immunized at the doses of 0.5 and 1.0 cm?, respec-
tively.

Two groups of 30 geese were formed. The birds
in group 1 were intramuscularly vaccinated once at the age
of 30 days at the dose of 1.0 cm3; the birds in group 2 were
also intramuscularly vaccinated twice at the age of 30 and
60 days at the dose of 1.0 cm>.

All experiments on birds were conducted in strict com-
pliance with the interstate standards for animal handling
and housing adopted by the Interstate Council for Stan-
dardization, Metrology and Certification, as well as in ac-
cordance with the requirements of Directive 2010/63/EU of
the European Parliament and of the Council of 22 Septem-
ber 2010 on the protection of animals used for scientific
purposes.

Serological tests for AIV H5 antibodies were carried
out by HI test using the ARRIAH-manufactured HI test-
kit for detection of antibodies against H5 avian influenza
virus. HI results were expressed in log,, and an antibody
titre equal to or higher than 5 log, was considered to be
the minimum protective titre according to the recommen-
dations of the World Organization for Animal Health [21].

Challenge. Resistance of vaccinated poultry to the chal-
lenge with A/chicken/Stavropol/2077/6/21 H5N1 AlV at
the dose of 6.0 Ig EID, , was justified by the absence of mor-
tality and disease clinical signs (depression, respiratory
and nervous disorders) in the poultry.

Molecular genetic tests. Detection of AIV genome in bio-
material samples and determination of the amplification
cycle threshold were carried out in accordance with
the “Methodological recommendations for detection of
Type A avian influenza virus RNA by real-time RT-PCR"".

Oropharengeal swabs were collected with sterile tup-
fers. The samples were collected from all ducklings in the
relative groups in 6 days post challenge. Amplification
cycle thresholds (Ct) were determined in the control group
(Ct,) and in the groups of the vaccinated birds (Ct). The re-
action was considered positive (AIV H5 genome is present)
if 0 < Ct <37 [21]. Next, a comparison with the control was
performed and the difference of the compared values was
calculated (d, = Ct, - Ct ). In addition, the average estimates
of the difference (D) and standard errors of measurement
of the averages (£ m) were calculated from the group
samples (d).

The immunogenicity of “ARRIAH-AviFluVac” vaccine
for ducks was determined in laboratory experiments by
the results of the resistance to challenge, by the titres of
serum antibodies and by PCR-indicated virus shedding.

The immunogenicity of “ARRIAH-AviFluVac” vaccine
for turkeys was determined in laboratory and field experi-
ments based on the results of the resistance to challenge
and serum antibodly titres.

The immunogenicity of “ARRIAH-AviFluVac” vaccine
for geese was determined in the field experiments by se-
rum antibody titres.

Statistical processing of the resulted data included
determination of mean values, error of mean, statistical
significance of the differences between the experimental
groups of animals along with the indication of the statis-
tical criterion values, number of degrees of freedom and
prediction error probability (p).

RESULTS AND DISCUSSION

Table 1 demonstrates the HI results of the sera of duck-
lings of different ages tested for the antibodies to AIV H5
after vaccination.

It was found that day-old ducklings vaccinated at
the dose of 0.25 cm?® demonstrated AIV H5 antibodies
in low nonuniform titres (p > 0.05). At the same time,
the AIV H5 antibody titres in the group of ducklings vac-
cinated at the dose of 0.5 cm® reached 4.4 log, with good
uniformity in 28 days (p < 0.001).

The vaccinated 21-day-old ducklings demonstra-
ted AIV H5 antibodies in comparable titres regardless
of the vaccine dose (0.5; 1.0 or 1.5 cm®). Seroconversion

' Andriyasov A.V., Andreychuk D. B., Chvala I. A. Methodological
recommendations for detection of Type A avian influenza virus RNA
by real-time RT-PCR: No. 45-16. Vladimir: ARRIAH; 2016. 13 p. (in Russ.)
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Table 1
Results of duckling serum tests for AIV H5 antibodies using HI test

Antibody titres (log,) at different time points post vaccination

Qo] bi(ds qt LS Vaccination dose, cm?
of vaccination, day !
0.25 n/t n/t n/t 13+06
1 0.5 n/t n/t n/t 44+03
0.5 0.9+0.6* 0.9+0.6 (0) 43+0.5(4,5) 44+0.6
21 1.0 3.1£06 3.1+0.6 (4.0) 5.0+0.4(5.0) 5104
15 21+08(1.5) 21+08(1.5) 6.1+0.5(6.0) 6.2+0.6

*mean Hl antibody titre and error, median (Me) is in brackets; n/t — not tested.

was observed in groups of immunized ducklings 7 days
later with antibody titres reaching the maximum levels
in 28 days post vaccination.

Statistical processing of the primary antibody titres
obtained 28 days post vaccination in the experimental
groups was carried out by one-way analysis of variance
in Excel. It was found that the F-test statistics was below
F critical value (F_ 3.0 <F__ 3.4), thatis, the mean anti-
body titres for the three groups did not differ.

To determine the protective properties of the vaccine
against the H5 HPAI pathogen, the vaccinated ducks were
challenged with A/chicken/Stavropol/2077-6/21 H5N1
virus. Table 2 demonstrates the results of the experiment.

It was found that the vaccinated ducklings in all expe-
rimental groups did not get diseased within 10 days after
challenge with the high pathogenicity Al H5N1 virus. In
the group of the unvaccinated birds, six birds demonstra-
ted the disease signs and one bird died.

In order to establish the immunity level in the vaccina-
ted ducks, the studies were performed to detect the viru-
lent virus shedding. This stage was targeted at the detec-
tion of AIV H5 genome in the oropharyngeal secretions of
the birds in 6 days after the challenge.

It was revealed that AIV H5 genome was present in
all tested samples. However, the initial concentration
of the viral material in the oropharyngeal excretions of
the vaccinated birds was significantly lower as compared
to the controls. Thus, amplification cycle thresholds (Ct)
in the control group ranged from 20.93 to 25.47 (aver-
age - 23.83), in the group of ducklings vaccinated at
the dose of 0.5 cm? - from 24.49 to 29.46 (average — 26.84),
in the group of ducklings vaccinated at the dose of 1.0 cm? -
from 23.08 to 30.29 (average - 27.5), in the group of duck-
lings vaccinated at the dose of 1.5 cm?® - from 26.12
to 31.41 (average - 28.32). Considering that one amplifica-
tion cycle approximately involves doubling of the amount
of the target product, the initial concentration of the viral
material in the test sample (%) as compared to the control
can be described as J = (1/2P) x 100. Hence, by the groups
of the vaccinated birds, the target estimates were (%):
J,=108;J,=6.9and J, = 3.9, i.e. the ducks vaccinated at
the dose of 0.5 cm? shed the virus in 9-fold lesser amount,
at the dose of 1.0 cm® - in 14-fold lesser amount, and at
the dose of 1.5 cm? —in 26-fold lesser amount as compared
to the unvaccinated birds.

The vaccination of ducklings, therefore, contributed to
the decrease of the virus shedding by the vaccinated birds
compared with the unvaccinated ones, and the higher the
vaccine dose, the more significant the decrease was.

To determine the protective properties of the vaccine
against the AlV H5 pathogen, the vaccinated turkeys were
infected with A/chicken/Stavropol/2077-6/21 H5NT1 virus
in the laboratory.

The data presented in Table 3 demonstrate that the re-
sistance of the vaccinated turkeys to infection varied in
different groups. Thus, turkeys vaccinated at the dose
of 1.0 cm? (87.5%) had the highest resistance, and the tur-
keys vaccinated at the dose of 0.25 cm? (28.6%) had the
lowest resistance. The unvaccinated turkeys died in 3 days
post infection.

Postvaccinal humoral immune response was deter-
mined in turkeys before challenge. It was found that in
the group of birds vaccinated at the dose of 0.25 cm?,
the average antibody titre was 3.3 + 0.6 log,, in the group
vaccinated at the dose of 0.5 cm® - 4.0 £ 0.6 log,, and in
the group vaccinated at the dose of 1.0 cm®-4.9+ 0.4 log.,.

Thus, single vaccination of turkeys at the dose of 1.0 cm?
induced the most intense immune response to AlV H5,
which was expressed by high protection level (87.5% of
the birds did not get diseased) and high antibody titres.

In addition to the laboratory tests, field trials of the vac-
cine were carried out in commercial turkeys in the Stav-
ropol Krai.

The turkey immunity level to AIV H5 was assessed by HI
antibody titres in 35 days after the second vaccination.

Table 2

Resistance of vaccinated ducklings to challenge with subtype H5N1 influenza A virus

Observation
period, days

0.5 1.0 1.5

Groups by the inoculation dose, cm?

Control

1 0/10% 0/10 0/10 0/10
2 0/10 0/10 0/10 0/10
3 0/10 0/10 0/10 0/10
4 0/10 0/10 0/10 0/10
5 0/10 0/10 0/10 2/10
6 0/10 0/10 0/10 5/9 (1 dead)
7 0/10 0/10 0/10 5/9
8 0/10 0/10 0/10 5/9
9 0/10 0/10 0/10 5/9
10 0/10 0/10 0/10 5/9

* ratio between the diseased ducklings to the total number of duckling in the group.

VETERINARY SCIENCE TODAY. 2024; 13 (3): 248—254 | BETEPUHAPUA CETOZIHA. 2024; 13 (3): 248-254

251



ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHAJIbHBIE CTATbI | BOMIE3HI NTUL

Table 3
Resistance of vaccinated turkeys to challenge with subtype H5N1 influenza A virus

Groups according to the vaccination dose, cm?

0.25 0.5 1.0 Control

Observation period,
days

1 0/7* 0/9 0/8 0/8
2 0/7 0/9 0/8 2/8
3 0/7 0/9 0/8 6/6
4 177 0/9 0/8 -
5 2/6 1/9 0/8 -
6 1/4 2/8 0/8 -
7 13 1/6 1/8 -
8 0/2 0/5 0/7 -
9 0/2 1/4 0/7 -
10 0/2 0/4 0/7 -
Protection level, % | 28.6 (2/7)** 44.4(4/9) 87.5(7/8) 0(0/8)

* ratio between the dead birds to the total number of birds in the group;
** ratio between the survived birds to the total number of birds in the group.

It was found that the average antibody titres in the group
of turkeys vaccinated twice at the dose of 1.0 cm® were
5.5 + 0.2 log,, and in the group vaccinated at the dose
of 0.5 cm®- 3.5 £ 0.3 log,. Statistical results differed with
high degree of confidence (99.9%).

Based on the results of the laboratory tests and field
trials of “ARRIAH-AviFluVac” vaccine in turkeys, the op-
timal parameters of its administration were established,
i.e..dose - 1.0 cm?, frequency - at least double vaccination.

Studies were also conducted to examine the vaccine
immunogenicity in commercial geese in the Republic
of Bashkortostan.

The data in Table 4 demonstrate that after single im-
munization, the vaccine induced formation of AIV H5
antibodies in 48.5% of the goose population at the titre
of 3.7 log, one month after vaccination; and in two months
after immunization, the number of birds with protective
antibody titres was only 23.3% and the average group titre
was 1.9 log,.

As the study results demonstrated, the minimum pro-
tective AIV H5 antibody titre (= 5 log,) after double vacci-
nation was reported in 22-27 out of 30 birds for 10 months,
i.e. the protection coverage was at the level of 75.9-90.0%
of the population. During this period, the average antibody
titres were also at a high level and ranged from 6.3 to 6.8 log..

Table 4
Results of goose serum tests for post-vaccinal AIV H5 antibodies

CONCLUSION

Single vaccination of ducklings with “ARRIAH-AviFluVac”
vaccine at the dose of 0.5-1.5 cm?® induced HI-detected
formation of antibodies in titres from 4.3 t0 6.1 log,, which
is consistent with the data reported by D. Middleton [12]. It
was demonstrated that the ducklings were resistant to in-
fection with the AIV H5N1 28 days after single administra-
tion of “ARRIAH-AviFluVac”vaccine at doses of 0.5, 1.0 and
1.5 cm?. It is also worth mentioning that the initial concen-
tration of the viral material in the oropharyngeal excreta of
the vaccinated birds was 9-26 times lower as compared to
the unvaccinated birds.

Thus, the vaccine has a high antigenicity sufficient for
the formation of immunity in ducklings when adminis-
tered at the doses from 0.5 to 1.5 cm?. It was also demon-
strated that inoculation of day-old ducklings at the dose
of 0.25 cm?® was insufficient to protect the birds.

The unvaccinated ducklings were less susceptible to
the infection with the virulent H5 virus of clade 2.3.4.4b
as compared to turkeys, and 60% of the birds were di-
seased, which is consistent with the data on low sensitivity
of unvaccinated ducks when infected with the H5 virus
of clade 2.2.1.2 H5N1 reported by A. Kandeil et al. [10].
This is indicative of the capacity of the virus carrier ducks
to maintain the pathogen reservoir.

The laboratory study results demonstrated that the op-
timal inoculation dose of “ARRIAH-AviFluVac” vaccine
for turkeys was 1.0 cm?, when the vaccinated birds were
protected from the infection by 87.5% and antibodies
were formed at the highest titres (4.9 log.).

In the field trials, the vaccine effectiveness was
also demonstrated when used twice at the dose
of 1.0 cm?, when it was possible to gain high antibody
titres (5.5 log,) in commercial turkeys. Based on the data
resulted from the laboratory and field trials, it was found
that the dose of 1.0 cm? is optimal for use in turkeys, and
the frequency of vaccination should be at least double
vaccination.

In the field trials, two schemes of “ARRIAH-AviFluVac”
administration were tested in geese, and it was found
that when administered twice at the dose of 1.0 cm?
the vaccine provided 10-month immunity in 75.9-90.0%
of the poultry population.

The data obtained are consistent with the conclusions
of a number of scientists [8, 9, 10, 11] and indicate that
double administration of “ARRIAH-AviFluVac” vaccine
against Al H5 at a double commercial dose and at least
twice is reasonable for large and domestic waterfowl spe-
cies with subsequent control of immunity level and revac-
cination by indications.

Antibody titres (log,) at different time points after vaccination

Vaccination frequency
day of vaccination 2 months 7 months 10 months
. 37406 19+0.4
Single n/d (16/33%; 48.5%) (7/30; 23.3%) n/d n/d
63+05 6.5+0.5 6.8+03
Double 08+03 (25/30; 83.3%) n/d (22/29; 75.9%) (27/30; 90.0%)

* seroconversion is expressed as the ratio between the number of birds demonstrating Hl antibody titre above 5 log, and total number of tested birds (%);

n/d - no data.

252 VETERINARY SCIENCE TODAY. 2024; 13 (3): 248—254 | BETEPUHAPUA CETOZHA. 2024; 13 (3): 248-254



ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHAJIbHBIE CTATbI | BOME3HW NTUL

REFERENCES

1. Alexander D. J. A review of avian influenza in different
bird species. Veterinary Microbiology. 2000; 74 (1-2): 3-13.
https://doi.org/10.1016/s0378-1135(00)00160-7

2. Vasil'tsova N. N., Panova A. S., Petrov V. N., Danilen-
ko A.V., Svyatchenko S. V., Ivanova K. |, et al. Review on
the epizootiological situation on highly pathogenic avian
influenza globally and in Russia in 2023. Problems of Par-
ticularly Dangerous Infections. 2024; (2): 6-14. https://doi.
0rg/10.21055/0370-1069-2024-2-6-14 (in Russ.)

3.1Irza V. N., Volkov M. S., Varkentin A. V. O tekushchei
panzootii vysokopatogennogo grippa ptits = Current highly
pathogenic avian influenza panzootic. Effectivnoe zhivotno-
vodstvo. 2022; (5): 85-86. https://elibrary.ru/rcsitl (in Russ.)

4. EFSA Panel on Animal Health and Animal Wel-
fare (AHAW), European Union Reference Laboratory for
Avian Influenza, Nielsen S. S., Alvarez J., Bicout D. J., Calis-
tri P, et al. Vaccination of poultry against highly pathogenic
avianinfluenza - part 1. Available vaccines and vaccination
strategies. EFSA Journal. 2023; 21 (10):e08271. https://doi.
org/10.2903/j.efsa.2023.8271

5. Swayne D. E., Sims L., Brown I., Harder T., Stege-
man A., Abolnik C,, et al. Strategic challenges in the global
control of high pathogenicity avian influenza: technical
item. 90" General Session WOAH: World Assembly (Paris,
21-25 May 2023). Paris: WOAH; 2023. https://www.woah.
org/app/uploads/2023/05/a-90sg-8.pdf

6. FAO. Global consultation on highly pathogenic avian
influenza (HPAI): Rome, Italy, 2-4 May 2023. FAO Animal
Production and Health Reports. No. 20. Rome; 2023. 62 p.
https://doi.org/10.4060/cc7302en

7. Infection with high pathogenicity avian influenza vi-
ruses. Chapter 10.4. In: WOAH. Terrestrial Animal Health Code.
Vol. 2. https://www.woah.org/fileadmin/Home/eng/Health_
standards/tahc/2023/chapitre_avian_influenza_viruses.pdf

8. Steensels M., Van Borm S., Lambrecht B., De Vriese J.,
Le Gros F-X., Bublot M., van den Berg T. Efficacy of an inac-
tivated and a fowlpox-vectored vaccine in Muscovy ducks
against an Asian H5N1 highly pathogenic avian influenza
viral challenge. Avian Diseases. 2007; 51 (Suppl. 1): 325-331.
https://doi.org/10.1637/7628-042806R.1

9. Steensels M., Bublot M., Van Borm S., De Vriese J.,
Lambrecht B., Richard-Mazet A., et al. Prime-boost vac-
cination with a fowlpox vector and an inactivated avian
influenza vaccine is highly immunogenic in Pekin ducks
challenged with Asian H5N1 HPAI. Vaccine. 2009; 27 (5):
646-654. https://doi.org/10.1016/j.vaccine.2008.11.044

10. Kandeil A., Mostafa A., EI-Shesheny R., El-Taweel A.N.,
Gomaa M., Galal H,, et al. Avian influenza H5N1 vaccination
efficacy in Egyptian backyard poultry. Vaccine.2017; 35 (45):
6195-6201. https://doi.org/10.1016/j.vaccine.2017.09.040

11.Varkentin A. V., Tsivanyuk M. A, Irza V. N., Borisov A.V.
Study of postvaccinal immunity to influenza in poul-
try of different species. Veterinariya. 2009; (6): 25-28.
https://elibrary.ru/kwzdpj (in Russ.)

12. Middleton D., Bingham J., Selleck P, Lowther S.,
Gleeson L., Lehrbach P, et al. Efficacy of inactivated vac-

cines against H5N1 avian influenza infection in ducks.
Virology. 2007; 359 (1): 66-71. https://doi.org/10.1016/j.
virol.2006.08.046

13. Beato M. S., Toffan A., De Nardi R., Cristalli A., Ter-
regino C,, Cattoli G., Capua I. A conventional, inactivated
oil emulsion vaccine suppresses shedding and prevents
viral meat colonisation in commercial (Pekin) ducks chal-
lenged with HPAIH5N1. Vaccine. 2007; 25 (20): 4064-4072.
https://doi.org/10.1016/j.vaccine.2007.02.042

14. Kim J.-K., Seiler P, Forrest H. L., Khalenkov A. M.,
Franks J., Kumar M., et al. Pathogenicity and vaccine ef-
ficacy of different clades of Asian H5N1 avian influenza A
viruses in domestic ducks. Journal of Virology. 2008; 82 (22):
11374-11382. https://doi.org/10.1128/jvi.01176-08

15. Swayne D. E. Principles for vaccine protection in
chickens and domestic waterfowl against avian influenza:
emphasis on Asian H5N1 high pathogenicity avian influen-
za. Annals of the New York Academy of Sciences. 2006; 1081:
174-181. https://doi.org/10.1196/annals.1373.021

16.Tian G, Zhang S., LiY, BuZ, Liu P, Zhou J, et al. Protec-
tive efficacy in chickens, geese and ducks of an H5N 1-inacti-
vated vaccine developed by reverse genetics. Virology. 2005;
341 (1): 153-162. https://doi.org/10.1016/j.virol.2005.07.011

17. Rudolf M., Poppel M., Fréhlich A., Mettenleiter T,,
Beer M., Harder T. Efficacy of a commercial inactivated H5
influenza vaccine against highly pathogenic avian influ-
enza H5N1 in waterfowl evaluated under field conditions.
Revue Scientifique et Technique. 2009; 28 (1): 275-291.
https://doi.org/10.20506/rst.28.1.1881

18. Niqueux E., Guionie O., Amelot M., Jestin V. Prime-
boost vaccination with recombinant H5-fowlpox and
Newcastle disease virus vectors affords lasting protection
in SPF Muscovy ducks against highly pathogenic H5N1
influenza virus. Vaccine. 2013; 31 (38): 4121-4128. https://
doi.org/10.1016/j.vaccine.2013.06.074

19.Kim D.-H., Lee S.-H.,Kim J., Lee J., Jeong J.-H., Kim J.-Y.,
et al. Efficacy of live and inactivated recombinant New-
castle disease virus vaccines expressing clade 2.3.4.4b H5
hemagglutinin against H5N1 highly pathogenic avian in-
fluenza in SPF chickens, broilers, and domestic ducks. Vac-
cine. 2024; 42 (18): 3756-3767. https://doi.org/10.1016/j.
vaccine.2024.04.088

20. Hulse-Post D. J., Sturm-Ramirez K. M., Humberd J.,
Seiler P, Govorkova E. A, Krauss S., et al. Role of domestic
ducks in the propagation and biological evolution of high-
ly pathogenic H5N1 influenza viruses in Asia. Proceed-
ings of the National Academy of Sciences. 2005; 102 (30):
10682-10687. https://doi.org/10.1073/pnas.0504662102

21. Avian influenza (including infection with high
pathogenicity avian influenza viruses). Chapter 3.3.4.
In: WOAH. Manual of Diagnostic Tests and Vaccines for Ter-
restrial Animals. https://www.woah.org/fileadmin/Home/
eng/Health_standards/tahm/3.03.04_Al.pdf

Received 15.04.2024
Revised 03.06.2024
Accepted 08.07.2024

INFORMATION ABOUT THE AUTHORS / NHOOPMALIMA 06 ABTOPAX

Natalia V. Moroz, Cand. Sci. (Veterinary Medicine), Head of
Laboratory for Avian Diseases Prevention, Federal Centre for
Animal Health, Vladimir, Russia;
https://orcid.org/0000-0002-9672-8594, moroz@arriah.ru

Mopos Hatanbsa BnagumupoBHa, KaHf. BET. HayK, 3aBefyoLL il
nabopatopuen npodunaktnku 6onesnen ntuy Orey «BHUN3XK»,
r. Bnapummp, Poccus; https://orcid.org/0000-0002-9672-8594,
moroz@arriah.ru

VETERINARY SCIENCE TODAY. 2024; 13 (3): 248—254 | BETEPUHAPUA CETOZIHA. 2024; 13 (3): 248-254

253



254

ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHAJIbHBIE CTATbI | BOME3HI NTUL

Sergey V. Frolov, Cand. Sci. (Veterinary Medicine), Head of
Department for Avian Disease Prevention, Federal Centre for
Animal Health, Vladimir, Russia;
https://orcid.org/0000-0001-6802-9940, frolov@arriah.ruh

Viktor N. Irza, Dr. Sci. (Veterinary Medicine), Associate Professor,
Chief Researcher, Information and Analysis Centre, Federal Centre
for Animal Health, Vladimir, Russia;
https://orcid.org/0000-0001-7489-1772, irza@arriah.ru

Lidia O. Scherbakova, Cand. Sci. (Biology), Leading Researcher,
Reference Laboratory for Avian Viral Diseases, Federal Centre for
Animal Health, Vladimir, Russia;
https://orcid.org/0000-0001-5434-6179, scherbakova@arriah.ru

Vladimir Yu. Kulakov, Cand. Sci. (Veterinary Medicine), Leading
Researcher, Laboratory for Avian Diseases Prevention, Federal
Centre for Animal Health, Vladimir, Russia;
https://orcid.org/0000-0002-1898-4576, kulakov@arriah.ru

®ponoe Cepreli Bnagnmnposny, KaHf. BeT. HayK, HaYanbHUK
oTAaena npodunaktukm 6onesnen ntuy OIBY «BHUU3XK»,
r. Bnagumunp, Poccus; https://orcid.org/0000-0001-6802-9940,
frolov@arriah.ruh

Np3a Buktop Hukonaesuny, g-p BeT. HayK, [OLEHT, rMaBHbIN
Hay4HbIN COTPYAHUK MHPOPMALIMOHHO-aHANNTNYECKOTO LIeHTPpa
OrBY «BHU3X», r. Bnagumup, Poccns;
https://orcid.org/0000-0001-7489-1772, irza@arriah.ru

LUlep6akoBa Jlugna OneroBHa, KaHA. 6UON. HayK, BeaywWwnii
HayuYHbIi COTPYAHUK pedepeHTHON NabopaTopunt BUPYCHBIX
6onesHen ntuy OreY «BHUM3XK», r. Bnagummp, Poccus;
https.//orcid.org/0000-0001-5434-6179, scherbakova@arriah.ru

Kynakoe Bnagumup KOpbeBu4, KaHA. BeT. HayK, BeayLwun
Hay4HbI COTPYAHMK nabopatopmm npodunakTmkm bonesHei
ntuy OrBY «BHUM3XK», r. Bnagnumup, Poccus;
https://orcid.org/0000-0002-1898-4576, kulakov@arriah.ru

Contribution: Moroz N. V. - initiated and guided the research; Frolov S. V. - conducted research, prepared the manuscript;
Irza V. N. - initiated the research and edited the manuscript; Scherbakova L. O. - conducted molecular and biological research;

Kulakov V. Yu. — analyzed the research results.

Bknap aBropos: Mopos H. B. - uhmumatop n pykosoauTens nccnegosaruin; Oponos C. B. - TexHUYeCKUin UCNOAHUTESNb UCCIEA0BAHNIA,
odopmneHune ctatbu; Mp3a B. H. — nHnumatop nccnepoaHuin n pegaktop cratobu; LLlepbakosa J1. O. — TEXHWYECKUA NCMONHUTEND
MONeKynsipHO-6r1oNornyeckmx nccieaoBanuii; Kynakos B. tO. — aHanu3 pe3ynbTaToB UCCIe[OBaHUIA.

VETERINARY SCIENCE TODAY. 2024; 13 (3): 248—254 | BETEPUHAPUA CETOZHA. 2024; 13 (3): 248-254



